ABSTRACT! Sixty Brangus bulls were evaluated live using two real-time ultrasound instruments and four technicians to estimate longissimus muscle area (LMA) and 12th rib fat thickness (FT) every 4 mo beginning a t 4 and 12 mo of age, respectively, and continuing until 24 mo of age. Ten bulls were slaughtered every 4 mo to determine actual LMA and FT, 9-10-11th rib chemical composition, yield grade (YG) factors, and empty body weight (EBW). Live animal traits were used to predict 9-10-11th rib composition, YG, and EBW.
Introduction
Carcass composition is an important economic factor affecting the value of slaughter cattle. Houghton et al. (1990) stated that the ability to identify and market groups of cattle that will consistently produce carcasses of similar weight with acceptable yield and quality grades is the plish this, it is critical to be able to identify breeding stock with the genetics to produce consistently progeny with acceptable yield and quality grades at a specified age and(or1 weight.
Ultrasound techniques have been used to evaluate carcass composition of live cattle since the 1950s. Since then, simple A-mode instruments largely have been replaced by more sophisticated B-mode and real-time instruments, which resulted in an unquantified improvement in the precision of predicting carcass traits. Some researchers have found ultrasound measurements of physical dimensions and subsequent prediction of carcass composition to be quite accurate (Davis et al., 1964; Tong et al., 1981, Alliston et al., 1982; Faulkner et al., 1990; Perry et al., 19901 , whereas others (Bailey et al., 1986; Miller et al., 1986; Recio et al., 1986; Parrett et al., 1987; Smith et al., 19901 have not. McLaren et al. (19911 reported that correlations between carcass and ultrasound measures were low for cattle and sheep and high for swine. These authors further stated that potentially large operator (technician) effects existed for all three species. Differences due to instruments, operators, hide thickness, haircoat length, weight, and fat level have been suggested as possible contributors to these varied results and have led some researchers to conclude that some ultrasound instruments are insufficiently accurate and inconsistent for use in research or industry application.
The primary objectives of our study were 11 to evaluate real-time ultrasound instruments and technicians for accuracy and(or1 precision in estimating longissimus muscle area and subcutaneous fat thickness in Brangus bulls of various ages, 21 to determine the most accurate age to measure longissimus muscle area and subcutaneous fat thickness, 31 to evaluate the potential of real-time ultrasound for predicting carcass composition in bulls, and 41 to determine the compositional changes that occur in bulls from 4 to 24 mo of age.
Materials and Methods
Sixty Brangus bulls were evaluated live using real-time ultrasound to estimate longissimus muscle area (LMA) and 12th rib fat thickness (FT) every 4 mo beginning at 4 and 12 mo of age, respectively, and continuing until 2 yr of age. Bulls measured a t 4 mo were taken directly from their dams and slaughtered. At each evaluation period, 10 bulls were slaughtered to determine actual LMA, FT, 9-10-1 Ith rib chemical composition, yield grade (YG) and quality grade factors, and empty body weight (EBWI.
Bull Management. Bulls used in this study were obtained from the commercial cow herd of Brinks Brangus, Eureka, KS. Bulls were born from February through April of 1988 out of 2-yr-old to mature dams. Dams were grazed on high-quality, coolseason (spring) and native (summer) pastures while bull calves were at their sides. Except for the 4-mo slaughter group, bulls remained with their dams until weaning in October. After a 2-wk conditioning period, bulls were transported approximately 245 k m to Kansas State University.
Upon arrival, the bulls were weighed and placed in a large dirt lot. After a 2-wk acclimation period, they were allowed ad libitum access to a diet consisting of rolled milo, sorghum silage, and a vitaminlmineral supplement. To ensure that muscle growth was not limited, ADG was monitored periodically and adjustments were made in the diet to ensure that the bulls gained approximately 1.25 kg/d. The bulls were not implanted with any growth promotants. All weights recorded during the trial were taken before morning feedings. One animal died during the study.
Live Evaluation. Bulls were scanned with the Aloka Technicare 2 lODX (TC) (Corometrics Medi- cal Systems, Peachtree City, GA) and Equisonics LS-300A (EQI (Equisonics LS-300, Bensenville, IL1 real-time, B-mode, ultrasound scanners. Scanning was done inside a metal building where temperature ranged from 8 to 32"C, depending on the season. Slaughter groups were scanned by four technicians (identified as A, B, C, and D1 with various levels of experience. Technicians A and B were both highly experienced and had worked with the TC unit in numerous research and commercial projects. Technician A was the only operator with extensive experience with the EQ unit. Technician C received training on both units by experienced personnel through several workshops and training sessions on producing and interpreting ultrasound images. Technician D had limited exposure to the ultrasound units, and only had two training periods before the onset of the study.
To obtain images, cattle were restrained and the scanning location between the 12-13th rib was located by palpation. To ensure good acoustical conductivity, a liberal amount of mineral oil was applied to the scan site. Scans for LMA and FT were taken by each technician on each individual slaughter animal using both the TC and EQ instruments. Split-screen images of LMA were obtained from 12 mo and older cattle using a transducer guide calibrated to assure accurate matching of the split-screen images. Images of LMA and FT were recorded on video tape. The four technicians interpreted all images made by each technician by tracing the images on acetate paper from a video display. Interpreted tracings were measured using an electronic compensating planimeter and mathematically adjusted to compensate for video display distortion. Technicians did not interpret images until all bulls were slaughtered. Fat thickness was measured at the time of scanning using internal calipers on the ultrasound units at a point interpreted by each technician to be three-fourths the length of the LMA. Only LMA was obtained on the 4-m0 and 8-mo slaughter bulls because FT at those ages were essentially .O cm. Both LMA and FT were evaluated on all subsequent slaughter groups.
Hip height (HH) and weight (LW) of each animal were recorded every 2 mo.
Carcass Evaluation. To select a slaughter group, cattle were stratified by both birth date and age of dam; then, 10 bulls were selected so that birth dates and ages of dams were as balanced as possible within each slaughter group. Before slaughter, feed was withheld for 12 h, and bulls were weighed before entering the abattoir. At slaughter, weights of all edible and inedible offal as well as full and empty viscera weights were obtained on each animal for calculation of EBW. Carcasses were chilled a t 1" C for approximately 24 h, before USDA yield and quality grade factors were obtained. Carcass data were obtained by experienced personnel who were not involved in the ultrasound evaluations. Carcass data were not known by the four technicians scanning the bulls ultrasonically until the study was completed. Actual LMA for all bulls were traced on acetate paper and measured with a n electronic planimeter. The 9-10-1 lth rib section was removed (Hankins and Howe, 1946) from the right side of each carcass. Rib sections were weighed and separated into soft tissue and bone, and the components were reweighed separately. The soft tissue was ground twice through .95-cm and .32-cm plates, then samples were removed, vacuumpacked, and stored a t -20°C until all bulls were slaughtered. Samples were analyzed in triplicate for moisture, fat, and protein according to AOAC (1975) methods.
Statistical Analyses. Mean actual differences and absolute differences between scanned LMA and FT and actual LMA and FT were evaluated using the GLM procedure (SAS, 1988) . Absolute differences were calculated by taking the absolute value of scanned minus actual FT or LMA for each animal. These values were then analyzed over all bulls to obtain least squares means for the main effects and interactions. The absolute value eliminates the diluting effect of adding negative and positive numbers and decreases the likelihood of accepting measurements as being accurate when, in fact, they are inaccurate. The main effect of "operator" used in the models identifies the technician who recorded the scanned images, whereas the main effect of "interpreter" identifies the technician who traced all images. The LMA data were analyzed with the main effects of month, operator, interpreter, and instrument, plus all interactions, with the four-way interaction used as the error term. Fat thickness data were analyzed with the main effects of month, operator, instrument, and all subsequent interactions, with the three-way interaction used as the error term. Means were separated with t-tests. Technician interpreting the scans was not used in the model for FT, because this was measured directly by each operator and was not subject to interpretation. All nonsignificant (P > .05) interactions in the preliminary analysis were dropped from the models (pooled in the error term), and only those interactions that were significant were used in final analysis of the data. Confidence intervals were calculated using the t-distribution.
The estimated LW, HH, EBW, LMA, and actual and adjusted FT were obtained with the nonlinear model y = a + b (1 -ec.*gern), where y is the trait being estimated, a = the value of y at age 0, b = the gain in y from age 0 to age 00, c = the relative growth, e = the base of natural log (2.2172818.. .I, and m = 1, 2, or 3. As determined by reduction in the error mean square, HH and LMA were best described by this equation when m = 1 and m = 2, respectively. The model was not useful for describing the relative growth of LW, EBW, and actual and adjusted FT, which were best described by the linear equation y = bo + bl x age, where y is the trait being estimated, bo = the intercept, and bl = the change in y per day of change in age.
All data were subjected to partial correlation analysis. Data were analyzed by slaughter group, with the effect of date of birth removed, and by combining all slaughter groups with the effects of date of birth and slaughter month removed. Regression equations to predict 9-10-1 1 th rib chemical composition (moisture, lipid, and protein), YG, and EBW using live animal traits were developed using forward and backward stepwise regression procedures (SAS, 19881.
Results and Discussion
Growth and Composition. Means and standard deviations for selected live animal and carcass data for each slaughter period are provided in Table 1 . Live weight increased linearly from 4 to 24 mo, with ADG of 1.13 kg. Figure 1 shows that EBW increased linearly from 4 to 24 mo, with ADG of 1.08 kg. Results indicate that LW and EBW would have continued to increase past 24 mo; however, this increase would be largely due to increased fat deposition. Actual and adjusted FT did not change (P > ,051 from 12 to 16 mo and then increased rapidly up to 24 mo ( Table 1 ). The reason that 16-mo-old bulls had numerically lower (P > ,051 FT may have been due to random errors in sampling bulls for the different age end points. In addition, all bulls reached puberty between 12 and 16 mo, which made them more active. Actual LMA increased rapidly from 4 to 16 mo and then slowed after 16 mo ( Figure 21 . Hip height increased rapidly from 4 to 10 mo, then slowed between 10 and 16 mo and did not increase [P > .OS) after 16 mo ( Figure  3 ). As will be discussed later, ultrasound estimation of FT and LMA were too inaccurate to be used in the development of growth curves.
. Changes in the composition of the 9-10-11th rib are shown in Figure 4 . Bulls from the first slaughter period had 11% lipid, 68% moisture, and 2 1 YO protein; bulls from the last slaughter period had 40% lipid, 4 4 % moisture, and 15% protein.
The percentage of lipid in the 9-10-11th rib section increased steadily throughout the study, whereas the percentage of moisture decreased in an inverse relationship. The change in percentage of protein was significant (P < .05) but was much smaller than the changes in moisture and lipid.
Estimation of Fat Thickness. In the analysis of actual differences between scanned and actual FT, there were significant differences among all four scan periods (Table 2) . Estimation of FT was most accurate (P e .05) at 16 mo, followed by mo 12, 20, and 24. Month 16 was the only month in which the mean difference of the scanned vs actual carcass measurements was not significantly different from zero (P = .09). Our data show that as FT increased above 1.0 cm, it was increasingly underestimated. These findings agree with those of Parrett et al. (1987) and Smith et al. (19901, using similar realtime ultrasound equipment on cattle, who observed that, as FT increased, accuracy of the measurements decreased. In addition, there was a tendency to overestimate thin cattle and underestimate fat cattle. Similar findings have been reported in swine (Kreider et al., 1986; McMillin et al., 1987) and sheep (Hopkins, 1990) . When absolute differences between the scanned and actual carcass measurements for FT were taken into account, all months were significantly different from zero (Table 2) . These data point out that, although real-time ultrasound can be used to estimate accurately the average fat thickness a t 16 mo for a group of bulls, the measurement for any one bull can be inaccurate.
Increased level of operator skill in obtaining images did not improve the accuracy of the FT estimates (Table 2) . Operators, B, C, and D were most accurate and not significantly (P > .05) different from each other for both actual and absolute differences. However, the mean values for scanned FT for each operator were different (P < ,051 from actual FT means. Thus, persons with little experience in using real-time ultrasound instruments can be easily trained to measure FT on cattle with accuracy equal to that of experienced operators.
There were no differences (P > .05) between EQ and TC units for both actual and absolute differences in FT. However, measurements with both instruments were significantly different from zero.
The interaction between month and operator accounted for a significant amount of variation in the model for actual differences. This was because all operators had increased accuracy at 16 mo, which we think was because hide thickness, hair coat length, FT, and LMA were optimum for maximum ultrasound sensitivity.
Confidence intervals (CI) for predicting actual FT for each month are provided in Table 3 . At 12 and 16 mo, the most accurate time to measure FT in our study, the absolute mean difference between ultrasound and carcass FT was .13 cm. Deviations from .13 cm a t 16 mo of .lo, .2O, and .26 cm provide CI of 68, 95, and 99%, respectively. For example, this means that a t 16 mo of age we can be confident that 99% of the ultrasound measurements will lie within the range of -.13 to +.% cm (the mean difference f 2.6 SD) of Smith et al. (1990) reported 05% of the time to be within .5 cm. Although this.information is useful and seems to be similar to our CI, reporting data in this manner is not statistically sound and is based on the premise that the mean differences between ultrasound and carcass measurements are zero, when, in fact, they may not be. To reiterate, individual measurements are not necessarily accurate. Only when individual measurements are averaged can we say something meaningful about a group of cattle.
Estimation of Longissimus Muscle Area. In the analysis of actual differences between scanned and actual LMA, estimation of LMA was accurate (P = .12) a t 12 mo; a t all other months, measurements were inaccurate (Table 41 . Except for mo 18, when actual differences were plotted against actual LMA, the LMA of bulls with less than approximately 70 cm2 of LMA were underestimated, whereas the LMA of bulls with greater than approximately 85 cm2 of LMA were overestimated. These findings contradict those of Smith et al. (19901, in which cattle with LMA > 104 cm2 generally were underpredicted, whereas cattle with LMA < 84.5 cm2 generally were overpredicted. However, Henderson-Perry et al. (1989) reported that LMA in market weight steers were underestimated in two of six trials, which would agree with our findings. Conflicting reports also have been found in swine using similar real-time ultrasound equipment. In general, Kreider et al. (1988) found LMA to be overestimated, whereas McMillin et al. (1987) found LMA to be underestimated. When absolute differences between scanned and actual LMA were analyzed, all months were different (P < .001) from zero (Table 4 ). These data suggest that real-time ultrasound can be used to estimate accurately the average LMA only at 12 mo of age for a group of bulls; however, the measurement can be quite inaccurate for any one animal.
Increased level of skill of the operator obtaining images did not improve the accuracy of LMA estimates. Operators A h o s t experienced) and D (least experienced) were more accurate than Operator B and similar (P > .05) to each other for actual differences (Table 4) . However, all operators were not different (P > .05) from each other for absolute differences, whereas all operators were different (P e .001) from zero for both actual and absolute differences. McLaren et al. (1991) stated that potentially large operator (technician) effects existed for cattle, sheep, and swine. Their correlations between carcass and ultrasound measures were low for cattle and sheep.
Interpreter effects are somewhat confounded, because Interpreter B (experienced) and Interpreter D (inexperienced] were not significantly (P > .05) different from each other for actual differ- ences (Table 4) . However, only Interpreter B was not significantly different from zero (P = .go).
Interpreter D, however, had greater variation in measurements, as exhibited by the greater absolute difference, and was different (P < .05) from the other interpreters. Interpreters A and B also were different (P < .051 from each other. All interpreters were significantly different from zero for absolute differences. Lopes et al. (1987) and McLaren et al. (19911, using similar ultrasound equipment, had similar, but more conclusive, findings. In those reports, interpretation of the scanned images was found to be more important than the skill of the operator obtaining the images. Our study seems to support those conclusions.
The EQ unit seemed to be more accurate (P e .05) than the TC unit for measuring LMA and was not significantly different from zero for actual differences (P = .40). However, when absolute differences were taken into account, there was no difference between instruments and both were significantly different from zero.
There were several two-and three-way interactions that accounted for significant variation in the model for both actual and absolute differences; however, their implications are peculiar to this study only. For example, the combining of an experienced operator with an inexperienced interpreter during a particular month showed increased accuracy over other combinations; however, this does not seem to be a practical procedure for obtaining data.
Confidence intervals for predicting LMA for each month are provided in Table 5 . At 12 mo, the most accurate time to measure LMA, the absolute mean difference between ultrasound and carcass LMA was 7.8 cm2. Deviations from the mean difference of 6.2, 12.4, and 16.1 cm2 provide CI of 68, 95, and 99%, respectively. For example, this means that at 12 mo of age we can be confident that 99% of the ultrasound measurements will lie within the range of -8.5 to +23.7 cm2 (the mean difference f 2.8 SD) of actual LMA. There was little difference among interpreters at 12 mo; therefore, experience of the interpreter in measuring LMA does not necessarily play a significant role, if scanning is done during this time frame. Only when the measurements are taken at the least accurate months does experience in interpretation of the scanned images become a significant factor. Month 24 was the least accurate period at which to measure LMA in this study. The absolute mean difference between ultrasound and actual LMA was 15.0 cm2. To obtain a 68% CI, ultrasound measurements may differ from the actual LMA as much as 24.7 cm2 (the absolute mean difference + 1 SD). Smith et al. (1990l reported that their LMA measurements were within 18.75 cm2 99% of the time. Houghton et al. (19QO) warned that ultrasound measurement of LMA on individual animals and even on groups of cattle should be approached with caution. From their conclusions and our results, we conclude that unless LMA measurements are taken at 12 mo, or when areas are approximately 80 cm2, and used to characterize groups of cattle, they cannot be relied on as accurate. CoweZations Among Traits. Partial correlation coefficients among live animal and carcass traits for all slaughter groups are provided in Table 6 . Live weight was highly (P < .01) correlated with HCW and EBW (r = .91 and .93, respectively). Hot carcass weight also was highly (P < .011 correlated with EBW (r = .981. Correlation coefficients between ultrasound FT and actual and adjusted FT were .86 and .85; the correlation coefficient between ultrasound LMA and actual LMA was .73.
Similar correlations between ultrasound FT and LMA and actual measurements have been reported (Miller et al., 1986; Recio et al., 1986; Parrett et al., 1987; Smith et al., 1990; McLaren et al., 1991) . Actual and adjusted FT as well as ultrasound FT were correlated (P < .05) to marbling; however, the relationship was only moderate (r = .59, .62, and .56, respectively to -.35).
Because we found that ultrasound estimation of LMA was most accurate at 12 mo and FT estimation was most accurate at either 12 or 16 mo, we evaluated these months separately to see whether the increased accuracy would improve correlations among ultrasound measurements and live animal and carcass traits, 9-10-11th rib composition, and YG. Correlations between ultrasound FT at 12 and 16 mo and actual FT were .67 and .74, respectively ( Table 8) . The ultrasound measurement of FT a t 12 mo did improve correlations for percentages of moisture (r = -.69), lipid Cr = .72), and protein (r = -.59); however, no improvement in correlations was noted a t 16 mo. Ultrasound measurement of LMA a t 12 mo was highly (P c .05) correlated with HCW (r = .741 and EBW (r = .80); however, it was not significantly correlated with 9-lo-11th rib chemical composition or YG. Prediction Equations. Regression equations using live animal traits to predict percentages of moisture, lipid, and protein of the 9-10-11th rib section and YG were developed for 12 mol 10 mo, and over all slaughter periods (Table 91 . Over all slaughter periods, the regression equation using LW, HH, and ultrasound FT was the best predictor of YG and percentages of moisture and protein in the 9-10-11th rib ( R 2 = .84, .77, and 33; SD = .50, 3.55%, and 1.31%, respectively). The equation for percentage of lipid also included LW, HH, and ultrasound FT in addition to ultrasound LMA (R2 = .76, SD = 3.91%). According to our results, the Although the measurements are consistent, estimations of 9-10-llth rib percentages of moisture and lipid lacked the accuracy needed to be useful. According to Kauffman et al. (19761, of all the variables contributing to bovine composition, degree of fill in the live animal and fatness play the largest roles. The major problem with measuring live weight gain in cattle is the variation in weight of the digestive tract contents, or fill (Fox et al., 1976) ; therefore, it would be desirable to be able to estimate EBW using live animal traits to evaluate treatment differences more accurately. In light of this, regression equations using live animal measurements were developed to predict EBW for 12-mo-old and 10-mo-01d bulls and over all slaughter periods (Table 91 . Live weight alone was the best predictor of EBW at 10 mo and over all slaughter periods (R2 = .98 and .98, SD = 7.43 and 24.3 kg, respectively). The best equation at 16 mo incorporated LW, HH, and ultrasound FT (R2 = .99, SD = 6.65 kg); the best equation for combined slaughter periods incorporated LW, HH, and ultrasound LMA ( R 2 = .99, SD = 20.71 kg). The use of LMA in the last equation may cause some concern due to the inaccuracy of the measurements. Otherwise, it seems that EBW could be easily estimated to reduce the effect of fill when evaluating cattle treatment differences and curtail the need for serial slaughtering. 
Implications
Breeders of Brangus cattle should not rely on individual ultrasonic animal measurements of longissimus muscle areas at ages other than 12 mo to make genetic change. However, mean longissimus muscle areas and fat thicknesses of groups of cattle may be predicted with considerable accuracy. Live measurements of fat thickness, longissimus muscle area, hip height, weight, and age can be used to accurately estimate mean yield grade and empty body weight at specific ages when slaughter is not possible. Identification or development of instruments made specifically for the livestock industry coupled with proper training of personnel could lead to improved accuracy of individual measurements at specific ages and(or1 compositional end points.
